Abstract. The aim of the present study was to investigate the computed tomography (CT) manifestations of Wegener granulomatosis (WG) in the chest and potential reasons for misdiagnosis. Conventional CT scans and clinical data of 45 patients with WG were retrospectively analyzed. Patients typically presented with multiple system involvement, primarily in the upper and lower respiratory tract. The incidence of thoracic involvement was 75.56% (34/45). Radiographic features were varied between cases in the present study, with the most common features being numerous cavitary nodules and masses in the lungs. Cavitations were usually irregular, with uneven wall thickness, partial centrality, fuzzy inner edges and piecemeal necrosis. These results indicate that WG typically has multiple system involvement, with the chest being most prominent. Multiple variable-sized cavitary nodules with irregular edges and piecemeal necrosis were the most notable features revealed using CT scanning; however, in order to give a definitive diagnosis, biopsies should be performed.
Introduction
Wegener's granulomatosis (WG) was first described by German pathologist Dr Friedrich Wegener as rhinogenic granulomatosis in 1936 (1) and is an uncommon vasculitis of small and medium-sized arteries (2) . WG, which is an angiogenic and multiple system necrotizing disease involving the upper and lower respiratory tract and kidneys (3) (4) (5) (6) , is affected by a number of factors, including heredity, infection, the immune system and the environment, and diagnosis is typically confirmed via clinic and laboratory examinations (7) . Exposure to environmental agents, including cadmium (8) , silica, mercury, sand dust and volatile hydrocarbons, has been reported to lead to the development of WG; however, no single causative agent has been identified (9) . Modern immunosuppressive treatment methods greatly improve patient outcomes, with the estimated median survival time increasing to 21.7 years post-diagnosis (10) . Patients may develop WG at any age, with the mean age at diagnosis being 50 year, and males and females are equally affected (11) . The majority (~90%) of clinically apparent cases are reported in Caucasian individuals (11) .
The thorax is commonly involved in WG and, as such, the majority of patients present with pulmonary or upper respiratory tract involvement (12) . Due to its high sensitivity for detecting pulmonary involvement, computed tomography (CT) is primarily used to examine the chest in patients with WG (13) (14) (15) . However, since certain characteristics of WG are difficult to detect using clinical, laboratory and imaging examination it is frequently misdiagnosed.
In the present study, the clinical manifestations, CT results and diagnosis of 45 patients with diagnosed WG were retrospectively reviewed. The aim of the present study was to identify ways of decreasing the rate of misdiagnosis and improving the diagnostic accuracy of WG involving the chest with CT.
Materials and methods

Patients.
A total of 45 patients with clinically confirmed WG were selected retrospectively using a computerized search of records from patients who were treated at the Chinese PLA General Hospital (Beijing, China) between January 2011 and June 2013. The patients, including 24 men and 21 women, were 19-74 years old (mean, 46±12.2 years). The clinical symptoms were as follows: Fever accompanied with or without fatigue (n=26, 26/45; 57.78%), night sweats (n=2, 2/45; 4.44%), weakness (n=2, 2/45; 4.44%), abnormal myelogram (n=29, 29/45; 64.44%), cough (n=25, 25/45; 55.56%) and expectoration (n=15, 15/45; 33.33%). A total of 32 patients underwent screening examination with antineutrophil cytoplasmic antibody (ANCA) and a total of 28 patients received biopsy, including a CT-guided percutaneous transthoracic lung biopsy (n=10), transbronchoscopic biopy (n=1), paranasal sinuses and nasal biopsy (n=14), percutanenous renal biopsy (n=1), parotid gland biopy (n=1) and skin biopsy (n=1). The other 17 patients were diagnosed based on the 1990 American College of Rheumatology criteria (Table I) (9) , when a minimum of 2 items in Table I were met. All patients received glucocorticosteroid therapy (predisone) at a dosage of 1.0 mg/kg per day for 4 weeks and then low dose maintenance. Following treatment, the symptoms of all patients was relieved to varying degrees. Written consent was obtained from all participants and the present study was approved by the Ethics Committee of the Hainan Branch of the Chinese PLA General Hospital (Hainan, China).
CT technique. In the present study, 43 patients underwent CT scanning. CT results were not available for the other 2 patients as they were transferred to a different hospital. CT scans were performed using a Siemens Sensation Cardiac 64 detector-row CT scanner (Siemens AG, Munich, Germany). The scan parameters were the same for each patient: Tube current, 900 mA; tube voltage, 120 kV; slice thickness, 5.0 mm; matrix, 512x512. The raw data were reconstructed using 5 mm thickness standard algorithms combined with a 2 mm thickness high-resolution construction in the region of interest. The images were mainly reviewed at the lung window setting with an about 1600 HU of window width and a 600 HU of window level. All the CT images were simultaneously reviewed by two independent and experienced chest radiologists who were blinded to the study conditions.
Results
Involved location of WG patients. System involvement varied between the 45 patients assessed in the present study and included thoracic involvement (n=34), renal involvement (n=10), skin involvement (n=7), larger joint involvement (n=14) and parotid gland involvement (n=1; data not shown). A total of 6 patients presented with the classic clinic triad (upper respiratory tract, lung and renal involvement).
Results of laboratory pathology investigation. Of the 32 patients who underwent ANCA screening examination (Table II) , 27 (84.38%) were ANCA-positive, which included cytoplasmic ANCA (n=20) and perinuclear ANCA (n=7). Among the 28 patients who underwent biopsy, 27 patients received a confirmed diagnosis (96.43%).
Thoracic CT manifestations. A total of 34 patients presented with abnormal pulmonary CT findings (Table II) , including large airway involvement (n=1; 2.94%), abnormal lung findings (n=31; 91.18%) and combined large airway and lung involvement (n=2; 5.88%). Bilateral lung abnormalities were observed in 20 patients (58.82%), unilateral lung abnormalities in 13 patients (13/34, 38.24%), pleural alterations combined with effusion in 4 patients (11.76%) and pulmonary artery involvement in 2 patients (5.88%).
The most common finding was pulmonary nodules ranging in size from 0.3-3.0 cm, which were detected in 25 patients (73.53%; Fig. 1 ), including unilateral pulmonary nodules (n=7), solitary nodule (n=3), ground-glass nodules (n=2) and nodules combined with halo sign (n=4). CT results for 14 patients revealed cavitary nodules and 5 patients presented with irregular cavity walls combined with necrotic debris (Fig. 2 ). Nodules combined with lobulation, speculation and vacuoles were observed in 5 patients and 1 patient presented with signs of vessel convergence. Additionally, 15 patients exhibited plaques (44.12%) with ground glass opacity (n=6), pulmonary consolidation (n=6) and cavitation (n=3; Fig. 3 ). Masses (≥3 cm) were observed in 6 patients (17.65%) and were combined with cavitations in 4 patients, had fuzzy limits and irregular shape in 6 patients, and spiculation in 3 patients (Fig. 1) . Bilateral pulmonary interstitial alterations were observed in 1 patient (Fig. 4) .
Of the 34 patients who had abnormal pulmonary CT findings, severe airway alterations were observed in 3 (8.82%). This includes 1 patient with changes in the vocal cord and subglottic region, 1 with intratracheal soft tissue shadow and another with bronchial wall thickening (Fig. 5 ). A total of 2 patients with pulmonary artery involvement were demonstrated to have undergone pulmonary artery alteration, including pulmonary artery wall thickening, which may lead to pulmonary artery embolism (Fig. 6 ).
Misdiagnosis based on CT findings.
Of the 34 patients with clinically confirmed WG, 12 were diagnosed using CT results (35.29%), 4 patients had inconclusive diagnoses (11.79%), and 18 patients were misdiagnosed (52.94%). Patient misdiagnoses were as follows: 12 were diagnosed with inflammation, including opportunistic infections in 1 patient, mixed infection in 1 patient, interstitial pneumonia in 1 patient, pneumonia with lymphocytic infiltrate in1 patient, fungal infections in 5 patients and viral infection in 3 patients. The CT images obtained for patients who were misdiagnosed with inflammation featured ground glass opacity in 3 patients, patchy shadows in 8 patients, military nodules in 2 patients, pulmonary interstitial alterations in 1 patient, masses in 2 patients and pleural effusion in 2 patients. A total of 6 patients were misdiagnosed with tumors, including combined airway abnormality in 2 patients (airway thickening in 1 patient) and pulmonary interstitial alterations combined with fungal pneumonia in 1 patient.
In WG with lung involvement there may be various imaging manifestations. The atypical CT findings of WG were typically misdiagnosed as infectious lesions or neoplastic lesions. The irregular cavities were typically observed in patients with WG (Fig. 7) .
CT imaging of pulmonary abscesses usually reveals thick-walled cavitations based on a high consolidation with the appearance of liquid-gas level in the cavity, which differs from WG. Fungal infections vary widely; floating bacteria may be observed in the void, which is not normally present in WG (16) . WG may be misdiagnosed as primary pulmonary or pulmonary metastatic tumors with single and multiple solid mass or nodules (17) . When WG appears as a single solid mass, it is not easily distinguished from other lung tumors using CT alone. There are certain differences between WG and pulmonary metastasis in CT findings of multiple nodules (18) . It was observed in the present study that the multiple lung nodules of WG are typically shown as variable irregular shapes and the shadow connected to the lesion (Fig. 8) . However, multiple pulmonary metastases are generally located in the peripheral region of the lung, with a variable size and smooth boundaries.
Discussion
WG is a rare and angiogenic necrotizing vasculitis, involving the upper and lower respiratory tract, kidney and skin (19) . The sex distribution (male:female) of WG is 3:2 and the peak incidence occurs in patients aged between 50 and 60 years (20) . The incidence of WG has been increasing annually, which may be a result of increased environmental factors including cadmium, silica, mercury, sand dust and volatile hydrocarbons (9) . WG may be a type of inflammation resulting from a hypersensitive response to external antigens (21) . Trimethoprim-sulphamethoxazole has been previously used to successfully control the progression and relapse of WG (22) .
Any part of the body may be involved in WG and the majority of patients present with classic clinic triad of the upper respiratory tract, lung and renal involvement (23) . While the number of patients with renal involvement was low in the present study, the ratio of occurrence was lower in those who presented with the classic clinic triad. With the progression of the disease, 80-90% of patients with WG generally present with renal involvement (24) . The clinical manifestations of WG are varied, a number of patients with WG present with long-term nasal congestion, which is often misdiagnosed as chronic sinusitis (25, 26) . Furthermore, some patients present with acute renal and respiratory failure (27, 28) . Patients with WG with thoracic involvement were typically present with cough, dyspnea, fever and chest pain (29) . WG has been reported to be a type of angiitis associated with ANCA, in particular cytoplasm ANCA (c-ANCA) (30) . It was reported that the serum c-ANCA levels during the active phase of WG are elevated in 90% of patients (31) . In the present study, 84.38% patients were ANCA-positive and 74.07% patients were positive for elevated c-ANCA levels (20/27); However other diseases, including polyarteritis nodosa, systemic lupus erythematosus, anaphylactoid purpura and Kawasaki disease may also present as c-ANCA-positive (9) . Hence, biopsy is the gold standard in the diagnosis of WG (32) .
As the majority of WG patients present with upper respiratory tract involvement and 90% of patients exhibit lung involvement (33) , CT scans are essential for the diagnosis of WG. Multiple pulmonary nodules and masses are the most common manifestation of pulmonary involvement, the incidence rate of which was 40-70% in the present study. The rate of pulmonary masses was 17.65% (6/34) and the rate of nodules was 73.53% (25/34) . Nodules were usually bilateral, numerous and scattered, ranging from 2-4 cm (15, 34, 35) . The nodules in pulmonary involvement were similar, with signs of pulmonary tuberculosis, allergic reaction and acute bacterial, viral and fungal pneumonia with centrilobular distribution. The incidence of cavitation was 25% among patients with nodules >2 cm (15, 35) . The walls of cavitations, which were eccentric or nodular, had varying thickness and were smooth or irregular. In the present study, the chest CT images revealed cavitation lesions with piecemeal necrosis in certain patients. Cavitations are susceptible to infection, leading to an increase in air-fluid levels, which is easily misdiagnosed as metastatic tumor, pulmonary abscess or septic pulmonary embolism (17) . However, flocculent piecemeal fragment in the cavity of metastatic cavity and pulmonary abscess is rare, which may be a useful CT sign for the differential diagnosis between metastatic cavity and pulmonary abscess. Hemorrhage surrounding the nodules manifested as a halo signal on CT images, which was visible at traumatic hemorrhage or alveolar exudation, including bronchioloalveolar carcinoma and abundant vascularity metastasis. In the present study, nodules with cavitation were observed in 14 patients, as indicated by increased air-fluid levels and uneven thickness of cavity walls. A total of 5 patients with nodules with cavitation were misdiagnosed, with a rate of 35.71%; 4 patients were misdiagnosed with infection, and 1 was misdiagnosed with a tumor. Nodules with halo signals were observed in 4 patients. The lung parenchyma of patients with WG in the active stage with hemorrhage resulted in ground glass density and consolidation, which was misdiagnosed as pneumonia. The involvement of pulmonary arterioles in WG patents presented as mosaic perfusion and tree-in-bud (36) . Ground glass density in the lungs of patents with WG may occur secondary to hemorrhages, exudation and mosaic perfusion of pulmonary alveoli in small vessel vasculitis (37) . Pulmonary consolidation of patients with WG may be caused by pulmonary infarction or pulmonary infection due to small vessel vasculitis (38) , which is similar to bacterial, viral and fungal pneumonia, pulmonary tuberculosis, pulmonary edema, acute respiratory distress syndrome or bronchioloalveolar carcinoma (39) . A total of 15 patients presented with ground glass opacity and consolidation; 6 among them were misdiagnosed with different types of infection including opportunistic infection in one patient, lymphocytic interstitial pneumonia in another, tumor in 1 patient and fungal infection in 3 patients. Airway involvement has been identified as a late complication of WG, the incidence rate of which has been reported to be 15-25% (40) . Airway involvement in WG has been misdiagnosed as tracheo-bronchial tumor and amyloidosis (39) . The involvement of the heart and large vessels are rare manifestations of thoracic involvement in WG; 2 patients in the present study presented with damage to pulmonary arteries, which may be caused by the spread of granuloma. However, due to the incomplete information, there is a lack of sufficient evidence to support this point of view.
WG is frequently misdiagnosed as tumor-like lesions, including metastatic tumors and bronchial lung cancer. WG presenting with multiple solid nodules has been misdiagnosed as metastatic tumor; however, CT scans differ from those of patients with metastatic tumors (41) . Multiple solid nodules of metastatic tumors are always variable in size and are mainly distributed in the peripheral lung, whereas multiple solid nodules of WG typically present with irregular outlines combined with smooth edges, as well as irregular nodules. CT scans of single nodules or masses in WG are also different in appearance to scans from patients with bronchial lung cancer (42) . Additionally, the clinical manifestation and typical laboratory results for WG differ from tumor-like lesions (41) . Hence, CT scans combined with clinical and laboratory analysis may reduce the rate of misdiagnosis.
Thorax involvement in WG is common and the CT manifestations are varied. The present study had several limitations, including the relatively small sample size. To improve the accuracy of the diagnosis of WG, it is necessary to perform a large number of case studies. Another shortcoming of the present study was the inconsistent diagnostic criteria. Of the 45 patients, only 28 cases were confirmed histologically, the other 17 cases were diagnosed clinically based on the American College of Rheumatology diagnostic criteria for Wegener granulomatosis. Additionally, another disadvantage was that the present study was retrospective and selection bias may affect the results.
In summary, WG is a rare disease with unknown etiology and complex clinical manifestation. Furthermore, due to difficulties with diagnosis and unfavorable prognosis, early diagnosis of WG is important to manage the symptoms of WG, prevent recurrence and improve the survival rate of patients. Chest CT scans may be used as a basis for the primary diagnosis of WG. The CT manifestation of pulmonary involvement in WG was multitudinous, including multiple pulmonary nodules, ground glass opacity and consolidation, which were misdiagnosed as pneumonia, tumor and other diseases. The results of the present study suggest that multiple nodules and cavitations, irregular cavity walls and piecemeal necrosis in cavitations may be regarded as signs exclusive to WG. Hence, patients with the multiple solid nodules, ground glass opacity and consolidation may be diagnosed with WG. The exclusive signs combined with clinical and laboratory analysis, particularly negative ANCA, may be used as a basis for the diagnosis of WG. CT scans combined with clinical and laboratory analysis and biopsy may be required for the definite diagnosis.
